The current research was designed to determine the effect of various concentrations (0%, 25%, 40%, and 55%) of fructose, sorbitol and urea plasticizers in cornstarch-based films, with the aim of achieving a new polymer for the application of biodegradable materials. Casting technique was used to prepare the films. The physical, morphological, thermal, and mechanical properties of produced films were evaluated. The results showed that the thickness, moisture content, and water solubility increased with the addition of plasticizer concentration. While the glass transition temperatures showed an insignificant effect with high plasticizer content. Regardless of plasticizer sort, the tensile stress and Young's modulus of plasticized films decreased as the plasticizer concentrations were raised beyond 25%. Likewise, the relative crystallinity decreased by increasing the plasticizer content from 0% to 25%, but it began to grow once the concentration increased above 25%. The fructose-plasticized films presented consistent and more coherent surfaces compared to sorbitol and urea counterparts, which appeared less homogeneous surfaces with microcracks. In summary, the plasticizers types and concentrations are affected significantly on the properties and performance of the cornstarch-based film. Film plasticized with 25% fructose appeared the finest set of features and achieved the highest mechanical performance among the plasticizers used in this study.
Introduction
The concerns over current environmental issues have forced scientists and engineers to find solutions to ensure a sustainable green environment. Unlike biodegradable wastes, nonbiodegradable materials cannot be disposed of easily. Non-biodegradable wastes are those who cannot be decayed or decomposed by natural agents. They last for many years without any degradation. [1] A prominent example of this is synthetic plastic, which is a common source of environmental contamination used in almost every area of life. It is estimated that worldwide production of synthetic plastic is about 140 million tons per year, with an increasing rate of 2.2% per year. [2] In this regard, the production of environmentally friendly materials to be used as an alternative to nonbiodegradable is inevitable. [3] [4] [5] Thus, biopolymers such as thermoplastic starches derived from natural sources are one of the most promising alternatives to mitigate the abovementioned issues. Starches are carbohydrate polymers consisted mainly of a combination of polysaccharide amylose and branched polysaccharide amylopectin with different ratios depends on the botanical source of the starch. [6] Starch is the most biopolymer that is used to produce films with high biodegradability because of its ability to act as linking matrix between fillers. Moreover, it is available, renewable, and cost-effective source. [7] Corn plant is the predominant sources of native starches commercially available. Almost, more than 85% of starch production in the world is extracted from corn tree. The other minor plant sources of native starch are rice, cassava, potato, and wheat. [8] The individual granule of corn contains 70% semi-crystalline starch, and the rest is crude oil, protein, sugar, and ash. [6, 9] Despite their multiple advantages such as biodegradability, availability, recyclability and low cost, the starch-based materials are also known to have several disadvantages like high water sensitivity (hydrophilic character) and less mechanical performance compared to traditional industrial polymers. [10] Therefore, it is necessary to incorporate reinforcement materials like plasticizers to enhance the mechanical performance of these biomasses. The primary role of the plasticizers is reducing the strong attraction of hydrogen bonds within amylose and amylopectin molecules in the starch network, as well as facilitate the mobility rate of the polymer macromolecular chain, this, in turn, minimizes the glass transition temperature and then improves the flexibility and stiffness of starch-based plasticized materials. [11, 12] Recently, a considerable literature has grown up about the use of plasticizers to reinforce the biopolymers products. For instance, urea [13, 14] , glycerol [15, 16] , sorbitol [17, 18] , xylitol [19] fructose, glucose and sucrose [20, 21] , as well as tri-ethanolamine and glycol [14, 22] were used as plasticizers of biodegradable films. This research, therefore, sets out to assess the effect of different plasticizers, namely, fructose (F), sorbitol (S) and Urea (U) with concentrations (0%, 25%, 40%, and 55%) on the physical, morphological, and thermal characteristics of cornstarch (CS) based films as well as the mechanical performance.
Materials and methods

Materials
CS was isolated from granules of fresh corn ear based on the method described by. [23] The CS chemical composition was analyzed in dry form following the procedures reported in. [24] The CS contained 0.26% ash, 7.13% lipid, and 7.7% crude protein. The amylose and amylopectin content of starch was found to be 24.64 g/100g and 75.36 g/100g, respectively, as were measured using the standard in house method (food analytical chemistry) revealed in previous work. [25] The particles of CS varied from polyhedral to a spherical shape, and the majority of distributed particles (89%) had sizes less than 40 μm. Whereas the starch moisture content was 10.45g/100g and the density was 1.4029 g/cm 3 . The Fructose, Sorbitol, and Urea plasticizers were supplied by Evergreen Engineering & Resources SDN-BHD, Malaysia. According to previous work, [26] almost all plasticizers are compatible with polymers. In practice, the type of plasticizer to be used with polymers is usually selected experimentally through trial and error. Selection criteria depend on the required thermal and mechanical properties as well as the barrier and the rheological properties. However, the use of fructose, sorbitol, and urea for plasticizing starch-based filmmaking was indicated in the introduction section.
Preparation of films
The cornstarch-based films were manufactured by conventional casting procedure. Aqueous solution 100 ml distilled water contained 5 g of pure CS was heated to 85 ± 2°C for 20 min with constant stirring in a thermal water bath. The objective of this step is to provide a homogenous forming suspension. Afterward, the three types of plasticizers were added individually in the forming solution at concentrations 0%, 25%, 40%, or 55% (w/w, dry starch basis). The heating of the solution continued for an additional 20 min at the same temperature. After that, the slurry was left to cool before casting it in a thermal casting dish. The casted mixture was then dehydrated in an air circulation oven at 45°C for 24 h. The dehydrated films were peeled off from the casting dishes and kept in plastic bags at room temperature for a week before characterization processes. Films produced according to the type of plasticizers and concentration were encoded as follows: F25%, F40%, F55% for Fructose, S25%, S40%, S55% for sorbitol, U25%, U40% and U55% for Urea, and CS for none-plasticized CS film (control).
Characterization
Films thickness and density An electronic caliper (Mitutoyo-Co, Japan) with ± 0.001-inch accuracy was used to calculate the film thickness. The average value of five random measurements for each film was determined to be the exact film thickness. The density of films was measured directly from their volume (v) and weight (m), where the volume of each film was computed from the resultant of the film suggested dimensions (10mmx30mm) times the obtained thickness from the previous step. Therefore, film density (ρ) was calculated via the following equation:
Film moisture content (MC)
The moisture content of the material is defined as the amount of water that could be removed from the material without changing the chemical composition in relation to the weight of the material. [27] MC of the films was measured according to the method introduced by. [28] A known weight film was kept in the oven for 24 h at 105ºC. The weight differences before (w 1 ) and after (w 2 ) heating were used to obtain the MC for each sample indicated by percentage or gram/100g.
Film water solubility (WS) WS is the amount of chemical substances that can melt in the water at a certain temperature, preventing the loss of plasticizer. [15] Three samples of each film (1x3mm 2 ) were placed in a lab oven for 24 h at 105°C and then weighed (w initial ) dry matter. The dry weighted samples were soaked up in a sealed beaker contains 50 ml distilled water for 24 h at ambient temperature. Afterward, the residues of the film were removed from the beaker and were dried for 24 h at 105°C and then reweighed (w final ) dry matter. WS of each film was measured by:
Thermal gravimetric analyzer (TGA) An analyzer type (Q500 V20.13 Build 39) was used to perform TGA and DTG tests. Film size 10 mm 2 was placed in platinum crucibles under a Nitrogen atmosphere and exposed to heat from ambient temperature to 450°C at a constant rate of 10°C/min. This method of thermal analysis evaluates the thermal stability of samples and measures the mass loss over time as a function of temperature.
Scanning electron microscopy (SEM)
An instrument type Hitachi S-3400N was used to investigate the surface morphological structure of samples. The sample was coated with a thin golden layer before applying an acceleration voltage of 20 kv through a high vacuum. High-resolution images at different magnification factors resulted from this test.
Fourier transform infrared spectroscopy (FTIR)
The FT-IR test was performed by an infrared spectrometer (Bruker vector 22). The spectral frequency range was set between 4000 and 400 cm −1 over a spectral resolution of 4 cm −1 . The preparation of specimens was handled by KBr-disk technique.
X-ray diffraction (XRD)
The X-ray diffraction analysis was conducted using 2500 X-ray diffractometer (Rigaku-Tokyo, Japan). The device was managed by 0.02 (θ) s −1 scattering speed within 5
• to 60
• (2θ) angular range. Under operating voltage and current of 40 kV and 35 mA, respectively. The crystallinity index (Ci) was measured based on the calculus of crystallinity area (Ac) and amorphous area (Aa) in diffractogram using the equation:
Tensile properties
The mechanical performances of the films were obtained by using 5KN INSTRON tensile machine with D882 (ASTM, 2002) standard. The preparation of film samples and settings of the tensile machine was carried out according to the method reported by. [29, 30] Film strip of 10 × 70 mm dimension was fixed between tensile grips and then was dragged out with a crosshead speed of 2 mm/min and grip separation of 30 mm. The variation in the crosshead speed between 0.5 and 10 mm/min does not appear to affect the tensile properties of composite materials. [31] Five replicates were performed for each specimen to find out tensile strength and elastic modulus.
Statistical analyses
The statistical analyses of the experimental data were carried out using Microsoft Excel 2016, and the resulting curves and graphs were plotted using Tecplot 9.0 software.
Results and discussion
Thickness and density
From the data in Table 1 , it was found that the thickness of the CS-based films increased insignificantly with the addition of the plasticizer concentration. Hence, the films containing 40% and 55% of plasticizers were thicker than films containing 25% plasticizers. These observations may be relevant to the plasticizer function in reconstructing the molecular chain of the polymer film, where the higher plasticizer content generates more spaces, resulting in thickening of the film thickness. A similar explanation about the effect of plasticizers on the film thickness was reported by. [15, [32] [33] [34] [35] Regarding the film's density, the type and concentration of plasticizes appeared different influences on films densities. The increase of fructose concentration decreased the density of starch film from 1.559 to 0.988 g/cm 3 , this consistent with results of Edhirej et al. [29] where they studied the effect of fructose on cassava starch films. Meanwhile, the addition of sorbitol and urea concentration significantly increased the density of films. However, the film plasticized with F55% recorded the lowest value of density (0.988 g/cm 3 ) while, the highest density (5.454 g/cm 3 ) was obtained from U55%-plasticized film.
Moisture content and water solubility
Regardless of plasticizer type, the addition of plasticizer concentration from 25% to 40% and then to 55% to some extent increases the water retention of the plasticized films that depend on the plasticizers holding water capacity. [36] However, the effect of urea on the moisture content of CSfilms was more noticeable than that of fructose and sorbitol-plasticized films. The difference in water retention of plasticized films was attributed to the resemblance of glucose units in the molecular structure of the plasticizers where the lower resemblance of glucose units causing a weak molecular interaction between the plasticizer and the intermolecular of biopolymer chains. Consequently, the chance of plasticizer to interact with water molecules became greater. [37] The water solubility of the starch-based film is a key feature property for the applications that may require water insolubility to enhance water resistance as well as product integrity. [38] [39] [40] Therefore, due to the hydrophilic nature of the plasticizers, both the type and concentration of plasticizer showed a strong influence on the water solubility of CS-films. The addition of plasticizers reduces the interactions between polymer molecules, and that creates greater free space in the structure of the polymer chain, this, in turn, allows for the penetration of water fragments in the film matrix, thus, maximizing the plasticized film solubility. [29, 37] Thermal gravimetric analyzer (TGA) CS-plasticized films were thermogravimetrically examined to compare their thermal stability and decomposition characteristics at different concentrations. TGA is an essential analysis used to investigate the degradation and thermal behavior of starch-based materials that were used for industrial and scientific perspectives for biocomposites development. [41] [42] [43] Figure 1 presents the thermogravimetric (TGA) and derivative thermogravimetric (DTG) curves of plasticized samples. Apparently, all curves displayed a similar trend, showing that the thermal degradation and mass loss of the CS-based films occurred in three distinctive phases -each phase associated with a peak in the DTG curve, which represents a particular event during heating. The first thermal action occurred at temperatures below 100
• C caused the initial mass loss; this was mainly due to the elimination of moisture and water fragments by evaporation. [44, 45] Accordingly, F and U films showed a significant weight loss as compared to S films. This observation is likely to be attributed to the substantial moisture content of F and U films as shown in Table 1 . Thus, the higher the moisture content, the higher mass loss in this phase. Further heating led to the second weight loss at temperatures between 150°C and 250°C. This loss in mass was mostly ascribed to the volatilization of plasticizer molecules together with water remains. Similar findings were previously reported by. [16, 46] The authors stated that most plasticizers begin to evaporate at 150°C. The last mass loss of film's degradation occurred at temperatures higher than 270
• C. The weight loss in this phase was related to the depolymerization and degradation of carbon chains in starch structure. It is well known that the beginning of the thermal reactions of starches usually occurs at about 300°C. [47, 48] From the data in Table 2 , all films exhibited close decomposition temperatures varied between 277
• C and 296
• C, close to the degradation temperature of the native starch film (control) which recorded its maximum decomposition at 287
• C. These evidences that the incorporation of plasticizers did not change the thermal stability of CS-based films. Such results are consistent with the data obtained in [49] , who also studied the effect of different plasticizers (glycerol, sorbitol, and polyvinyl alcohol) on cornstarch-based films, and declared that the rate of degradation of films ranged from 290.9
• C to 295.4
• C. However, the addition of plasticizer concentration affected significantly on the thermal degradation of films, which reflects on the amount of residue after the last decomposition as revealed in Table 2 . For instance, the percentage of mass residue decreased with the addition of sorbitol as well as with the urea addition, while it increased with the addition of fructose as compared to the control film (24%). This phenomenon confirmed that F-plasticized films are more thermally stable than the S and U-plasticized films at a temperature above 300
• C. These observations are in line with those of previous studies by [29] the researchers investigated the effect of various plasticizers (fructose, urea, tri-ethylene glycol, and triethanolamine) on cassava-based films and stated that fructose films achieved the best thermal stability. Figure 2 provides the (SEM) images of none plasticized (control) film along with plasticized films. The micrograph of none plasticized control film showed a uniform and relatively smooth surface with the presence of some non-dissolved starch particles, which is reflecting the morphological structure of CS. The addition of the different plasticizers by 25% to pure starch film showed a little disturbance on film surfaces caused by the high temperature and continuous stirring during preparation. The addition of F25% showed a relatively smooth and coherent surface with no pores, while the surfaces of the S25% and U25% were coarse and covered with some impurities and agglomerates of none melt starch. The films plasticized by 40% and 55% of U and S plasticizers exhibited less consistent surfaces with large porosity as well as microcracks were observed in the structure, unlike the F-films counterpart which revealed better surface integrity compared to the S and U films at the same concentration. However, the appropriate addition of plasticizer concentration to starch-based films supports dissolving of whole starch molecules; improves the structural integrity and coherence of the film surface. [50] Accordingly, the highest proportion of plasticizers used in the manufacturing of starch-films is 60% (w/w dry basis), the exceeding of this limit the produced film appeared to be weak, incoherent and hard to peel off from the casting container. In contrast, the prepared film with less than 15% (w/w dry basis) plasticizer content appeared to be brittle, sticky, and difficult to remove from casting container. Consequently, the evaluation of their properties has become impossible. These observations are in good accord with those mentioned in previous literature. [15, 29] For all different plasticizer concentrations in the current study, F-plasticized films evidenced to be rather smooth, coherent and more homogeneous.
Scanning electron microscopy (SEM)
Fourier transform infrared (FT-IR) spectroscopy
To investigate the potential interactions between CS and the various plasticizers successfully, the FT-IR spectrum curve has been divided into four main regions as follows: the first region below 800 cm −1 wavenumbers, the second region between 800 and 1500 cm −1 wavenumbers, the third region ranged from 2800 to 3000 cm −1 , and the last region above 3000 cm −1 wavenumbers. [51] As seen in Figure 3 the FTIR spectra curves were similar because the elemental composition of the plasticized films was based on the starch structure. The broad overlapping peaks in the first and second regions at 758.02 cm −1 and 933.92 cm −1 for the CS-control film were attributed to the vibrations of glucose pyranose units and C-O vibrational stretching of glucose unit, respectively [51] Likewise, the existence of C-O-H group in CS structure showed up the peak at 1076.33 cm . In the same area, the bending mode of CH 2 produced a peak at 1367.04 cm −1. [52] For the region between 2800 and 3000 cm −1 , the oscillations of water fragments led to the emergence of the wide infrared band at the peak of 1636.44 cm −1. [53, 54] Similarly, the occurrence of C-H vibrational stretching resulted in a sharp peak at 2925.27 cm
. Last, in the fourth area, the O-H group vibrational stretching generated extreme band at 3266.20 cm −1. [55] As a result, to plasticizers addition, it was noticed that the FT-IR spectra of F and S films presented identical spectra peaks compared to control film. The only difference, for instance, the sharp peaks which resulted from stretching of the O-H group were shifted slightly to lower wavenumbers for both F and S films. While in the case of U films these peaks have been turned into higher wavenumbers than that in control film. The authors [56, 57] in earlier studies have attributed this behavior of U films to its substantial moisture content which affected the hydroxyl groups in starch. Furthermore, the U films offered additional double peaks in the high wavenumber area rather than a single peak for the CS-film and F-S films as well. The prominence of these peaks was ascribed to the stability of hydrogen bonds together with O molecules of both O-C glucose ring and C-O-H group within starch structure. [4] The results mentioned above demonstrated that all films displayed absorption peaks within the same regions, regardless of plasticizer sort and content, this indicates that the plasticizers have similar functional groups, and they are all categorized as polyols. [37] Moreover, FTIR analysis proved that the addition of plasticizers to CS-films did not alter the chemical composition of CS. This phenomenon showed that no chemical reaction occurred and that the chemical structure of the resulting CS-films was completely stable.
X-ray diffraction (XRD)
The X-ray diffraction structures of CS-based samples are introduced in Figure 4 . The results indicated that the majority of CS particles have been gelatinized and retrograded and thus the crystalline framework of the starch was collapsed. The retrograded CS-film owned diffraction peaks located at 15.14°, 17.4°, 18.6°, 20.11°, and 22.8°; Such peaks are effectively compatible with those presented by [58] -however, the addition of plasticizer concentration regardless of the plasticizer type affected on the crystalline structure of films. The F-plasticized films showed a similar pattern to control film, except that the intensity of the diffraction peak at 9.5°increased gradually with increasing fructose concentration from 0% to 55%. Meanwhile, the X-ray diffraction pattern of S-plasticized films revealed a slight increase in the intensity of the peak at 9.4°w hen the concentration was raised from 0% to 25%, but the intensity of the peaks at 14.4°, 17.4°, and 25.4°turned out to be more pronounced by increasing sorbitol concentration from 25% to 55%. Besides, the crystallinity degree of CS-films is strongly affected by the addition of sorbitol concentration (0-55%) which is reflected in their sharp and clearly defined peaks that associated with the non-crystalline region. Based on that, S40% and S55%-plasticized films were classified as highly crystalline films compared to S25% counterparts; which displays lesser crystallinity. For the U-plasticized films, the XRD pattern shows sharp peaks between 2θ diffraction angles 20
• and 30
• , which do not exist on control film. The appearance of these peaks was attributed to the typical diffraction pattern C-type model. [59] In addition, Table 3 presents the crystallinity degree of the samples. A significant reduction in all films relative crystallinity was noticed once the plasticizer concentration has risen to 25%. While the further increase in the concentration (25% to 55%) led to increasing the degree of crystallinity. However, the comparison of the plasticized films demonstrated that the S-films possessed a higher crystallinity degree than the U and F-films counterparts. According to [60] [61] [62] the increase in crystallinity of starch-based films is strongly associated with the reduced moisture content of the film. Therefore, the increase in crystallinity of S-plasticized films as observed (Table 3) is compatible with the low moisture content of S-films obtained in this study.
Mechanical properties
This test is conducted to measure particularly, tensile stress at yield and Young's modulus for the CS-base films, which plasticized with different plasticizer types and concentrations. From the finding, it is clear that the tensile strength of the tested films decreased as the plasticizer concentration increased from 25% to 55% irrespective to plasticizer type. This conclusion is entirely consistent with that in a previous study conducted by. [12, 29] The film with 25% fructose recorded the highest tensile stress (6.8 MPa) which is higher than that recorded with 25% sorbitol (4.52 MPa) and 25% urea (0.62 MPa) counterparts. The expected interpretation of the high tensile stress at low plasticizer content is related to hydrogen bonds, which formed between starch and plasticizer molecules, these bonds are strongly dominated at lower plasticizer content, and become weaker as content increased. [63, 64] Therefore, the tensile strength of F-plasticized films reduced from 6.8 to 3.8 MPa, and that of S-plasticized films decreased from 4.52 to 3.04 MPa as plasticizer percentage increased to 40% and then to 55%. Meanwhile, U-plasticized films recorded the lowest values of tensile stress; the observed reduction was from 0.62 to 0.0448 MPa corresponding to the same range of plasticizer percentage. Many authors have detected the reduction in tensile strength of starch-based films due to increased concentration of plasticizers. [63, [65] [66] [67] [68] [69] The tensile strength for fructose films in the current study was higher than those found by [29] the researchers fabricated plasticized films by mixing cassava starch with 30% fructose and achieved 4.7 MPa. Similarly, the same authors incorporated cassava starch with 30% urea and obtained 0.68 MPa which is closer to the current study finding. In general, the tensile strength values for CS-fructoseplasticized films were higher than the previously reported values for cornstarch films plasticized by glycerol [70] , cornstarch with stearic acid and glycerol [71] , and cornstarch with xylitol and glycerol. [72] On the other hand, the values of tensile strength for CS films in this study were lower than those were made of oxidized and acetylated cornstarch and glycerol [73] , and plasticized cornstarch in the presence of glycerol, sorbitol, or PVA. [49] In relation to elastic modulus (Young's modulus) which determines the stiffness of materials. The higher value of elastic modulus indicates the optimum stiffness. From Figure 5 , it can be noticed that the effect of plasticizer content (25%-55%) on Young's modulus of CS-plasticized films has the same behavior compared with their correspondent tensile stress. The increase of plasticizer concentration from 25% to 55% recorded a noticeable decrease in films stiffness: from 61.15 to 29.91 MPa for F-plasticized films, 32.49-15.91 MPa S-plasticized films and 1.67-0.363 MPa for U-plasticized films. This behavior can be explained through the role of plasticizers in modifying the structure of the starch network. When plasticizers integrated into starch chains, they promote the development of hydrogen bonds between the molecules and weakening the solid intra-molecular attraction within the starch matrix. Thus, Young's modulus of CS-plasticized films is reduced and then became less rigid. [12, 29] In short, the mechanical performance of biopolymers based on thermoplastic starches is strongly affected by several parameters such as the botanical origin of starch (amylose/amylopectin ratio), the ambient circumstances (temperature and humidity), processing method as well as plasticizer type and concentration. [74, 75] 
Conclusion
The effect of different plasticizers types with different concentrations on the physical, morphological, mechanical and thermal characteristics of cornstarch-based films was investigated. The results of the investigation showed that the gradual loading of plasticizers concentration (25%, 40%, 55%) enhanced the performance of the films according to the plasticizer type. The addition of plasticizer concentration increased the thickness, moisture content and water solubility of all films, irrespective of the plasticizer type. However, sorbitol-plasticized films revealed less moisture content than fructose and urea-plasticized films which made sorbitol films achieved the highest degree of relative crystallinity. On the other hand, fructose films recorded lower film thickness and density compared to S and U-plasticized films. Therefore, fructose-plasticized films presented the best performance in terms of physical properties. The study of the morphological structure showed that the fructoseplasticized films provided a homogeneous structure without porosity, which is considerable evidence of their network integrity. Based on that, fructose films obtained the best tensile strength and elastic modulus recording 6.8 and 61.15 MPa, respectively, for the 25% fructose film. In terms of thermal stability, the transition temperatures of all films decreased by increasing plasticizer concentration and moisture content of films as well. While the mass residue at above 350°C increased in case of fructose addition from 24.02% to 29.63%, while it decreased from 24.02% to 16.06 with the addition of sorbitol and from 24.02% to 20.33% with the addition of urea. Hence, the fructose plasticizer evidently enhanced films thermal stability. Overall, the influence of the selected plasticizers at different concentrations on CS base films was verified. The F-plasticized films particularly, 25% fructose film offered the best combination of characteristics make it has the potential to be used for the application and development of biopolymer films. 
